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I. INTRODUCTION
South Africa is often described as an engine of growth in Africa, in the sense that South African economic growth is believed to have a substantial impact on growth in other African countries.
2 This view appears plausible because of South Africa's relatively large economic size and its growing linkages with other African economies. However, there has been little quantitative assessment of just how large the effect might be. Is it relatively large, because of South Africa's economic size; or is it small, because of South Africa's economic and political isolation during the pre-1994 apartheid period and because it does not dominate the trade of most African countries, which trade mainly with Europe and the United States? This paper attempts such an assessment by providing estimates of the impact of South African economic growth on growth in the rest of Africa during the last four decades.
South African growth could influence growth in other countries through a number of channels. The most obvious channel is international trade, with higher South African growth contributing to a rise in import demand that is directly reflected in an increase in the net exports of other countries. But there are other channels as well. Given the relatively advanced state of South African technology, additional spillover effects could include an impact on investment and technology transfers along the lines discussed in the literature on trade and growth.
3 Also, with South African foreign direct and portfolio investment playing a large role in the capital flows of some African countries, the effects of South African growth could be transmitted through financial linkages. Moreover, because of South Africa's size and leadership role in multi-country political and economic initiatives, 4 developments there could influence business and consumer confidence in other African countries.
A quantification of the overall impact of South African growth on growth in the rest of Africa requires a formal econometric analysis. This paper reports results from such an analysis using data for 1960-99 in the context of a standard growth model. 5 The analysis is based on countries' average growth rates during five-year subperiods to avoid the impact of shorter-run macroeconomic fluctuations that may be associated with transitory shocks and business cycles. The analysis does not attempt to isolate each of the channels by which South African economic growth could influence growth in other African countries, but focuses instead on quantifying the aggregate impact. Future research could assess the importance of alternative channels through which the growth spillovers might be transmitted.
The impact is estimated first in a simple growth regression and then in a regression that controls for other, generally accepted determinants of long-run growth. The results indicate that South African growth has a significant positive impact on growth in other African countries, with a 1-percentage-point increase in South African growth being associated with a ½-¾ percentage point increase in the rest of Africa's growth. The results hold even after controlling for global factors and are robust to the inclusion of other growth determinants and to changes in the sample and the period considered.
II. SOUTH AFRICA AS A TRADE PARTNER IN AFRICA
The relatively large economic size of South Africa and its growing linkages with other African economies suggest that South African economic growth could have a significant influence on the rest of Africa. In 2003, South African GDP was equivalent to nearly onethird of African GDP on a purchasing power parity basis and to 38 percent of African nominal GDP at market exchange rates (Table 1) .
6 South Africa accounted for 30 percent of the expansion in African GDP (PPP basis) during 1980-2003, and African and South African growth moved closely together, with a correlation coefficient of over 80 percent. In terms of financial linkages, South African direct and portfolio investment in other African countries during 1998-2002 was equivalent to 5 percent of GDP on average in those countries (Table  2) . 7 The share was substantially larger in neighboring countries, ranging from 9 percent to 20 percent of GDP in Lesotho, Mauritius, Mozambique, Namibia, and Swaziland.
Notwithstanding its relatively large economic size, the extent of South Africa's trade with the rest of the continent has been relatively small, in part reflecting trade patterns that prevailed under the apartheid regime that ruled South Africa until 1994. Although South Africa's relative importance in regional trade has grown since 1994, it remains small compared with, for example, the regional trade shares of the United States in other Western Hemisphere countries and of China and Japan in the rest of Asia.
8 During 1994 During -2002 , the average share of South Africa in the rest of Africa's external trade rose to three times its 1970-93 average, but it was still only 2 percent of the total. As a percent of GDP, the rest of Africa's trade with South Africa during 1994-2002 rose to four times its 1970-93 average level, but it was equivalent to only 1½ percent of GDP.
6 Authors' calculations, based on IMF World Economic Outlook data. 7 The weighted average was equivalent to 1½ percent of African GDP. It was smaller than the simple average because South Africa's economic links have generally been stronger with some of the smaller African countries (such as its neighbors) than with the larger ones (such as Nigeria). 8 In 2002, the United States accounted for 60 percent of the total external trade of other North American and South American countries. China and Japan accounted for over 10 percent and 15 percent, respectively, of other Asian countries' external trade.
The relative importance of South Africa in the trade of individual African countries varies substantially across the continent (Table 3) . Trade with South Africa accounts for around three-quarters of the total trade of neighboring Lesotho and Swaziland, with which South Africa participates (along with Botswana and Namibia) in the Southern African Customs Union (SACU).
9 During 1998-2002, trade with South Africa accounted on average for 26-56 percent of the foreign trade of other neighboring countries, namely Botswana, Malawi, Mozambique, Namibia, Zambia, and Zimbabwe. And it accounted for over 5 percent of foreign trade in Comoros, the Democratic Republic of Congo, Kenya, Mauritius, Seychelles, and Tanzania. In Nigeria, Africa's second largest economy, trade with South Africa was equivalent to 1¼ percent of total trade. In countries that are geographically distant from South Africa or that are former French colonies, trade with South Africa has generally accounted for less than 1 percent of foreign trade.
10
A simple measure that captures the direct effect of trade on a country's growth is the contribution to growth of its net exports. Specifically, the growth contribution can be calculated as the change in real net exports in the current year as a percent of real GDP in the previous year (Table 4) .
11 By extension, the direct effect of trade with South Africa on a country's growth can be calculated as the growth contribution of the country's real net exports to South Africa (Table 5) .
12 On this basis, while overall net exports made on average a negative contribution of -0.4 percentage points in the selected countries during 1999-2002, net exports to South Africa made a small positive contribution (0.1 percentage points). The growth contribution was significantly larger in countries with close trading links with South Africa (e.g., Comoros, Mozambique, Zimbabwe). In several countries, where South Africa is more important as a source of imports than as a destination for exports, net imports from South Africa were reflected in a negative net contribution to growth.
However, the direct impact of net exports to South Africa represents only part of the overall impact of South African growth on growth in other countries. In particular, even if they run bilateral deficits, countries may benefit from trade with South Africa as a result of factors such as greater efficiency, economies of scale, and technological gains associated with such 9 This is based on historical data cited in the countries' official statistics and in the UN Comtrade database, since the countries do not report bilateral trade data to the IMF Direction of Trade Statistics, on which the rest of trade. Also, the effects of South African economic growth are likely to extend beyond just the trade effect, including through such channels as economic sentiment and financial linkages. A more complete analysis of the impact of South African growth thus requires a formal econometric analysis.
III. EMPIRICAL METHODOLOGY AND ESTIMATION

A. Methodology
The impact of South African growth on growth in the rest of Africa can be quantified by estimating a panel regression both with and without fixed effects. 13 The panel approach allows one to control for other explanatory variables in the growth regression and to test the robustness of the results to changes in model specification. Furthermore, the fixed-effects estimator allows the constant term to differ across cross-section units and it captures the time series dimension of the effect of South African growth after controlling for other growth determinants.
B. Estimation
The empirical framework follows Arora and Vamvakidis (2004a) . It starts with a growth regression specification that is standard in the literature:
The dependent variable is the average per capita real GDP growth rate; c i is the matrix of constant terms for each country i; β is the matrix of parameters to be estimated and u is the error term. X i is the matrix of independent variables that includes the variables that are standard in growth regressions:
• convergence (the logarithm of per capita real GDP in the initial year of the period under consideration);
15
• demographic developments (age dependency ratio);
• investment in physical capital (gross domestic investment as a percent of GDP);
• human capital (primary and secondary school enrollment ratios);
• macroeconomic stability (inflation); and
• trade openness (the share of external trade in GDP).
16
To account for variables that have been found to be statistically significant in explaining growth in Africa, X i includes:
17
• foreign aid as a percent of GDP;
• the infant mortality rate;
• a dummy variable for landlocked countries;
• ethnic fractionalization.
In addition, to estimate the impact of growth in South Africa on the rest of Africa, X i includes:
• the growth rate of real per capita GDP in South Africa;
• the growth rate of real per capita GDP in each of the other African countries (one in each specification) to test whether any of the other countries also act as an engine of growth for Africa.
Finally, in order to test whether the results are driven by global or regional trends, X i includes:
• world real per capita GDP growth;
• growth of real per capita GDP in trading partners;
• regional growth.
All data are from the Global Development Network Growth Database. 18 The growth model is estimated for two periods, 1960 to 1999 and 1980 to 1999. All 47 countries in sub-Saharan 16 The trade share is one of the most broadly used measures of openness in the literature and among the most robust (see Levine and Renelt, 1992) . One of its main advantages is that it varies over time. 17 See for example Bloom and Sachs (1998) .
18 http://www.worldbank.org/research/growth/GDNdata.htm Africa with available data are included in the sample. South Africa is excluded from the sample as its growth rate is one of the independent variables. Each observation is a five-year average except for the initial GDP per capita, which takes the value of the first year of each five-year period, and the variables that do not change over time (these variables are not included in the regression when fixed effects are included). The use of a fixed rather than a random-effects model is justified by a Hausman test, which rejects the hypothesis that the individual effects are uncorrelated with the other regressors for most specifications.
IV. EMPIRICAL RESULTS
A simple specification is initially estimated with per capita GDP growth in each African country as the dependent variable and per capita GDP growth in South Africa as the independent variable. Then, in order to test the robustness of the results, the model is estimated first with other independent variables, and then with only those variables that turn out to be statistically significant. Finally, a number of different specifications are tried as additional tests of robustness.
A notable difference between the present analysis and several previous analyses is that it examines variations in growth across African countries, rather than between Africa and the rest of the world. One implication of this is that, although all of the determinants included in the regressions have been found to be statistically significant in studies of growth across countries worldwide, some of the variables turn out not to be statistically significant in the present analysis. That is, some variables that are significant in explaining differences in growth between Africa and other parts of the world may not help to explain growth differences within Africa. For example, a factor that has been emphasized in accounting for Africa's weak growth relative to other regions is the relatively high trade barriers in most African countries. 19 However, if most African economies are relatively closed, then while this might help to explain Africa's growth relative to other regions, it should not be expected to explain much of the growth variation within Africa. This indeed turns out to be the case.
A. Results
Results for the pooled panel for the period 1960-1999 are presented in Table 6 . The first four regressions present results from specifications that add different growth determinants. 20 The first regression includes only the growth rate in South Africa; the second adds the initial GDP per capita and the investment share; the third adds other variables that have been found to explain cross-country growth differences in the literature; and the fourth regression adds variables that are more specific to Africa and have been found to explain growth differences between African and non-African countries, as well as variables that control for world growth trends. Finally, the fifth regression includes only the statistically significant variables. The results suggest that growth in South Africa is a statistically significant determinant of 19 See Sachs and Warner (1995) . growth in the rest of Africa, after controlling for other growth determinants. The estimates suggest that a rise in growth in South Africa by 1 percentage point is correlated with a rise in growth in the rest of Africa by 0.4 to 0.7 percentage points.
The same exercise is repeated in Table 7 for the period 1980-99. The results still hold. In fact, the estimate of the growth impact of South Africa is actually larger for this period than for 1960-99 in some specifications. A 1 percentage point increase in South African growth is correlated with a 0.4-0.9 percentage point increase in growth in the rest of Africa, depending on the specification. Table 8 presents estimates with fixed effects for the period 1960-99. Since the fixed effects capture the cross-country variations in growth, the estimates capture only the time variation. The results suggest, once again, that higher growth in South Africa is correlated with higher growth in the rest of Africa. More specifically, a 1 percentage point rise in growth in South Africa is correlated with a 0.5-0.7 percentage point rise in growth in the rest of Africa. Table 9 presents estimates with fixed effects for the period 1980-99. In this case, the estimates for the growth impact of South Africa on the rest of Africa are somewhat smaller than the estimates in Table 8 . 21 A 1 percentage point increase in growth in South Africa is correlated with a 0.3-0.6 percentage point increase in growth in the rest of Africa.
B. Discussion and Robustness Tests
The results suggest that growth in South Africa and in the rest of sub-Saharan Africa are closely correlated. The results are robust to the inclusion of fixed effects and of time effects. They are also robust to changes in the sample period and to changes in the specification to include GDP growth, rather than per capita GDP growth, in South Africa. 22 The results are not driven by global trends or shocks. All tables present specifications that control for world growth and for growth in trading partner countries. The estimate of the impact of growth in South Africa on the rest of Africa remains statistically significant in these specifications.
The results do not differ for the period after 1994. An increase in economic integration between South Africa and the rest of Africa after the end of apartheid might have been expected to result in greater spillover effects. However, an interaction term of growth in South Africa with a dummy variable for the second half of the 1990s does not turn out to be statistically significant. This is consistent with the fact, noted above, that although South Africa's relative importance in regional trade has grown since 1994, it remains small. 21 In addition, some of the other growth determinants that are statistically significant in the full specification turn out not to be significant in the parsimonious specification. 22 The results of this and other robustness tests are available from the authors on request. All of the results are robust when the standard errors are adjusted according to the methodology suggested by Moulton (1990) for units with common characteristics. See Arora and Vamvakidis (2004b) for a discussion.
The results do not seem to depend on the size of countries' bilateral trade with South Africa, or their distance from South Africa. Table 10 presents results from a regression that includes: an interaction term of growth in South Africa with the share of exports to South Africa in total exports; and growth in South Africa weighted by distance from South Africa. Specifications with and without fixed effects show that these variables are not statistically significant when growth in South Africa is also included in the regression, suggesting that the impact of the South African economy on the rest of Africa does not depend on trade or distance. These results are not surprising given the relatively small trade flows between other African countries and South Africa. They suggest that channels not directly related to trade, discussed above, could explain the growth spillovers from South Africa to the rest of Africa.
Moreover, South Africa is the only country in sub-Saharan Africa with such a growth impact. Table 11 presents results of the specification with fixed effects, for the period 1960-99, for the fourth regression in Table 8 , testing the growth impact of all other countries in the region-only for countries with at least 6 observations. Only seven countries have a statistically significant impact, three of which are significant only at the 10 percent level. However, none of these estimates is robust to the alternative specifications presented above for South Africa, or to the inclusion of time effects. Furthermore, the estimates of the growth impact are generally considerably smaller than those for South Africa.
Granger causality tests of growth in each country in Africa with growth in South Africa are inconclusive. However, such tests use annual data, as opposed to five-year averages in the above specifications, implying that they capture short-term growth fluctuations rather than long-term growth spillovers. The period is too short for Granger causality tests using fiveyear averages. Furthermore, Granger causality tests do not control for other growth determinants, as in the regressions above.
The results are not driven by regional trends. Table 12 presents results from a regression that includes the average per capita GDP growth in the rest of Africa-excluding South Africa and the country of each observation. The estimate for the impact of the growth of South Africa remains positive and statistically significant. Moreover, it is considerably larger than the estimate of growth in the rest of Africa, which is only statistically significant at the 10 percent level.
V. CONCLUSIONS
The significant estimated impact of South African growth on the rest of Africa lends substance to the popular view of South Africa as an engine of African growth. Based on data for the period 1960-99, the panel regression results indicate that a 1 percentage point increase in South African economic growth is correlated with a ½-¾ percentage point increase in growth in the rest of Africa. The coefficient remains significant when non-South-African growth is included in the regression, and it is larger than that of non-South-African growth, suggesting that the influence of South African growth is distinct from any common regional shocks that may affect growth across different African countries and also that it dominates the effect of any such shocks. Since trade does not seem to explain these results, future research can focus on examining the significance of alternative channels. Notes: The dependent variable is real per capita GDP, excluding the country with its growth rate on the right hand side of the equation each time. The specification of the model is given by regression (4) in Table 8 (with fixed effects, for the period 1960-99). The impact of each country on growth in the rest of Sub-Sahara Africa is estimated only for countries with at least six observations for growth. The t-statistics are heteroskedasticityconsistent. 
